Corynebacterium glutamicum and its subspecies, known as L-glutamic acid-producing bacteria, are industrially important microorganisms, used in the production of various amino acids. [1] [2] [3] The L-glutamic acid-producing bacteria include various strains, from which a variety of amino acid producers have been independently derived through classical mutagenesis. 1, 4, 5) The typical wild-type strains reported as parents of amino acid producers are listed in Table 1 . Although the L-glutamic acid-producing bacteria have previously been classified as different genera or species, recent molecular taxonomic studies have indicated that they are members of the same species, 15) and currently they are classified in the original species C. glutamicum.
2)
Abe et al. investigated the taxonomical and physiological characteristics of the L-glutamic acid-producing bacteria. 11) They showed that these bacteria have several common characters: Gram-positive, non-sporulating, non-motile, ellipsoidal, spheres to short rods, pleomorphic, and biotin requirement for growth. Moreover they described some minor differences found in physiological characteristics among these bacteria. In that report, 208 strains of the L-glutamic acid-producing bacteria were classified into 12 types according to some key characteristics. Of the six strains listed in Table 1 , four have been characterized in the report mentioned above. Strains ATCC 13032, ATCC 13869, and KY10025 have been included in type 1 organisms which have been discriminated from other types as to the properties, such as acid production from several kinds of carbon sources, urease activity, and nitrate reduction. Strain ATCC 13870 belongs to type 9 organisms, which have shown the same characteristics as those of type 1 except that they lack nitrate reductivity. The other two strains, ATCC 31833 and ATCC14752, have not been characterized from the physiological viewpoints. The former strain ATCC 31833 was originally used as a host for the development of gene cloning systems. 10) On the other hand, the latter strain ATCC 14752 has recently been reported as to its structural S-layer proteins. 16) Although the C. glutamicum strains have minor differences in their taxonomical and physiological characteristics, it remains to be elucidated whether the various C. glutamicum strains have the same characters not only in their potentials for the production of desired amino acids but also in industrially important properties such as growth, sugar-consumption rate, and stress tolerance. If the C. glutamicum strains have different characteristics one from another on such criteria, selection of a strain best suited for a desired fermentation process and subsequent reconstruction of a producer therefrom can be expected to improve the conventional process substantially.
Our laboratories have recently determined the whole genome sequence of the wild-type strain of C. glutamicum, ATCC 13032. 17, 18) Following this, we developed a novel methodology called ''genome breeding. '' 19,20) This methodology involves comparative genome analysis between a producer and its parental wild-type strain, defining mutations beneficial for production, and assembling them in a single wild-type background. As already demonstrated by the generation of an efficient L-lysineproducing C. glutamicum mutant, this approach is useful not only for creating industrially more advantageous y To whom correspondence should be addressed. Fax: +81-265-77-1629; E-mail: m ikeda@shinshu-u.ac.jp strains but also for rationalizing production mechanisms. Considering that this breeding method makes it possible to define a mutation set essential for high-level production, another potential advantage of the methodology could be the feasibility of reconstructing an efficient producer from a desired C. glutamicum strain.
In our previous study, we identified a specific lysC mutation (T311I) that caused desensitization of aspartokinase to allosteric inhibition as a key mutation in Llysine production by C. glutamicum. 19) With the use of this mutation, we here present the simplest example to evaluate the potentials for amino acid production of various C. glutamicum strains.
The wild-type strains used for the comparative study were the six representative C. glutamicum strains listed in Table 1 . The lysC mutation was introduced into these six wild-type strains by gene replacement using plasmid pClysC311 via two recombination events. 19, 20) For each wild-type strain, ten clones carrying the lysC mutation were chosen randomly and then examined for L-lysine production using a flask. All the clones selected as above accumulated L-lysine, while no wild-type strain produced L-lysine. L-lysine titer was measured by HPLC after derivatization with o-phthalaldehyde. 21) Because no distinct differences in L-lysine production were observed among the ten clones for each strain, we chose one clone from each ten clones and investigated it in more detail. The resulting single-mutation strains were designated as shown in Table 2 . Crude extracts of the six mutants were prepared by sonic disruption of cells, and aspartokinase activities were measured colorimetrically according to the method of Follettie.
22)
Assays of six representatives showed that all mutated aspartokinases were indeed desensitized to synergistic inhibition by L-lysine plus L-threonine to the same extent (data not shown). The L-lysine production by the six isogenic mutants were investigated using 5-liter jar fermentors both under traditional 30 C conditions and, in addition, under suboptimal 40 C conditions which could allow reduction of cooling costs in industrial processes. 23, 24) Figure 1 shows the profiles obtained in fed-batch fermentor cultivation with LPG1 medium 19, 20) to which glucose was added at an initial concentration of 5%, with a subsequent increase to 25%. The six lysC mutants all produced large amounts of L-lysine at both temperatures, but it was found that final titers and productivities were significantly different among the six isogenic mutants at either temperature (Table 2 ). In addition, an intriguing finding could be picked out from the viewpoint of thermotolerance. Final titers of L-lysine at 40 C were significantly higher than those at 30 C in strains AK-1, AK-31833, and AK-14752 ( Fig. 1 and Table 2 ). In contrast, decreased titers were obtained at 40 C as compared with those at 30 C in strains AK-10025, AK-13869, and AK-13870 ( Fig. 1 and Table 2 ). These results indicate that the latter three strains are not suited for L-lysine fermentation at elevated temperatures. In these three strains, L-lysine production at 40 C was higher than that at 30 C in the early phases of fermentations (Fig. 1) , but the production gradually decreased and, in the final phases, became lower than that at 30 C, whereas growth and sugar consumption were maintained throughout the fermentations. These observations suggested that a certain enzyme(s) relevant to L-lysine biosynthesis might be relatively thermolabile in the three strains. We cannot exclude another a The data correspond to the experiment shown in Fig. 1 . Time means the cultivation time necessary to consume all sugar added. b Productivity means the specific production rate per hour, which was obtained from the data for time and production in this table. possibility, however, that a certain enzyme(s) in central carbon metabolism was gradually damaged by the 40 C cultures, because it is likely that such damage might affect carbon flux distribution in central metabolism, thus resulting in a decrease in the precursor supply for Llysine biosynthesis.
It is also worth paying attention to the cultivation time (the time necessary to consume all sugar added) which reflects sugar-consumption rates because they are a crucial factor in achieving high-speed fermentation ( Table 2 ). The cultivation time of strain AK-14752 was significantly prolonged at 40 C (35 h) compared with that of 30 C (32 h), but in the cases of the other five strains, the times were rather shorter at 40 C than at 30 C. Taking all into consideration, it was shown that some wild-type strains were suitable for high-speed and hightemperature fermentation of L-lysine, but some were not. Of the six mutants presented in this study, strain AK-1 derived from C. glutamicum ATCC 13032 and strain AK-31833 derived from C. glutamicum ATCC 31833 showed the highest productivity (2.1 g/l/h) at 40 C, indicating the potentials of both wild-type strains, ATCC 13032 and ATCC 31833, for industrial L-lysine production. It should also be noted that the latter strain, AK-31833, exhibited the highest titer and productivity even at 30 C of the six mutants, because this suggests relatively a wide temperature allowance of the strain for L-lysine production. In this sense, it is worth attempting to reconstruct an L-lysine producer from wild-type ATCC 31833, although this strain has no history of industrial uses.
Here we exemplified that it was possible to share one beneficial genetic property with other C. glutamicum strains. In addition, it was found, for the first time, that there were significant differences among C. glutamicum strains in the potentials for amino acid production. These findings are important in the case of genome breeding, because strains constructed by this method inherit the original properties of the wild-type strains used. Taken all together, it could be a significant shortcut to the goal of a high-productive fermentation process to choose a wild-type strain with industrially best performance. 
